ABSTRACT A detailed photometric study is presented of the line and continuous spectrum of the limb flare of June 9, 1959. The electron temperature is found to be certainly less than 24000° K in the bright, dense central portion of the flare, where the hydrogen lines and continuum are excited. The flare occurred as a condensation in an active coronal region, yet the temperature is only slightly higher than that observed in a spray-type flare that originated at the chromospheric level We tentatively suggest temperatures of 10000° and 20000° K, respectively, for "cool" and "hot" prominence classes suggested by Zirin and Tandberg-Hanssen.
I. INTRODUCTION
Some solar flares observed at the limb appear to be rooted in the chromosphere or photosphere and the term chromospheric flare (often applied to any flare observed against the disk) seems appropriate for such events. Other limb flares appear to condense out of the corona and we shall refer to them as coronal flares. In the second paper of this series (Jefferies and Orrall 1961 , hereinafter referred to as "Paper 11") the authors studied the continuous spectrum of a limb flare of the spray type. The temperature was found to be certainly less than 20000° for the brightest portion of the flare, in contradiction to the very high temperatures (100000° or higher) reported from studies of line profiles by several authors for coronal limb flares. Spray-type flares are chromospheric flares because they appear as material ejected from chromospheric or photospheric levels (Bray, Loughhead, Burgess, and McCabe 1957; Warwick 1957 ) and one might perhaps expect them to be cooler than the coronal flares. We have therefore studied the spectrum of a coronal flare appearing in a loop prominence.
On June 9, 1959, McMath Plage Region No. 5204 was on the limb near heliocentric position angle 70°. No unusual activity was observed on the Sacramento Peak Ha flare patrol between U.T. 1254 and U.T. 1608, and at U.T. 1608 the patrol was shut down for repairs. When it was resumed at U.T. 1732 a limb flare was in progress at 72° in a very bright and complex loop prominence. Both the loop and the flare developed sometime after U.T. 1608. A slow short-wave radio fadeout (SWF) of importance class 3+ began at U.T. 1635 and ended at U.T. 1935; an increase in cosmic noise absorption (SCNA) of class 2+ began at U.T. 1638, reaching a maximum at U.T. 1655; and a sudden enhancement of low-frequency atmospherics (SEA) also of class 2+ began at U.T. 1639 and ended at U.T. 1725, reaching a maximum at U.T. 1658. Major bursts of solar radio noise were observed at 18 Mc/s and other frequencies between U.T. 1630 and U.T. 1830. Thus the flare probably began at about U.T. 1630. Sacramento Peak reported the flare as class 1-(that is, a subflare), while Hawaii, which began observing at U.T. 1800, assigned it to importance class 2. A re-examination of the Sacramento Peak flare film indicates that Hawaii's classification was probably more nearly correct. Flare area at time of maximum brightness is the primary basis for assignment to importance class. This measurement, always doubtful for limb flares, is more doubtful here because the early stages of the flare were not observed. Judged by its ionospheric effect, it was cer-* Present address: National Bureau of Standards, Boulder Laboratories, Boulder, Colorado. 963 J. T. JEFFERIES AND F. Q. ORRALL tainly an important flare. The duration of the flare is uncertain, but it was still brighter than the center of the disk at U.T. 1850. The ionospheric, radio, and optical data are from Solar-Geophysical Data (1959) .
The loop prominence was very bright and complex. On June 9 and 10 frequent and moderately bright surges were also observed in the prominence, and the loops were still faintly visible on June 11. Lapse-rate motion pictures were obtained on June 10 and 11 with the 6-inch coronagraph through an Ha Lyot filter of 3 A band pass.
A series of graded height spectrograms taken between U.T. 1750 and U.T. 1803 in the visible spectrum showed the yellow coronal line \ 5694 of Ca xv between position angles 70° and 77°. Between U.T. 1818 and U.T. 1904 fourteen spectrograms were obtained at graded heights in the range XX 3615-3795 at 2 A/mm and between U.T. 2030 and U.T. 2230 numerous sets of Ha graded height spectra were taken, also at 2 A/mm. Figure 1 shows a photograph of the loop prominence and flare at U.T. 1905 taken with the 6-inch coronagraph at Ha with an exposure time of | second. Earlier exposures at i second were too overexposed to show much structure. The quiescent prominence to the right of the loop remained almost unchanged throughout the observed life of the flare, and it showed the relatively narrow emission lines characteristic of quiescent prominences.
II. SPECTRAL PHOTOMETRY
The results of this paper are based on a detailed photometric study of the first four spectrograms in the range XX 3615-3795 taken at increasing height in the flare and separated by 4600 km. The exposure time was 90 seconds, and the times at which the exposures ended are U.T. 1820, 1822, 1824, and 1826. These times will be used to identify the spectrograms throughout the paper. All the spectroscopic observations were made with the small coronal spectrograph at Sacramento Peak. The instrument and the methods of photometric photometry are described in detail in Paper II.
We traced along the brightest bead of emission on all four spectrograms to obtain emission-line profiles and total intensities. The emission lines observed between X 3615 and X 3795 are given in Table 1 . The first two columns identify the line by wave length and multiplet number, both as given by Moore (1945) . (The hydrogen Balmer lines are identified as usual by the number of the upper quantum state.) The lines are so broad that measured wave lengths are not very significant. Thç next four columns give the logarithm to the base 10 of the total intensity as measured on the four spectrograms. The units are erg cm -2 sec" 1 steradian -1 . The emission lines show small irregularities in shape, although they are roughly regular and symmetrical, and many can be fitted quite well by a Gaussian-shaped curve. Table  2 gives the widths of certain lines considered to be largely free of blends. The quantity tabulated is half the total width in angstroms between the points where the intensity is l/¿ times the central intensity.
The intensity in the continuum was obtained by tracing across the bead of continuous emission at right angles to the dispersion at wave lengths free of emission lines. The measured intensities, I M , at the brightest part of the flare on each spectrogram are given in Table 3 for two wave lengths, one on either side of the Balmer limit; W is the total width of the bead of continuous emission at X 3638.7 measured where the intensity has fallen to In Paper II we defined a quantity R as the ratio of the emission in the Balmer continuum at X 3646 (the head of the Balmer series) to the emission due to all other continua (electron scattering, free-free, hydrogen free-bound to levels higher than the second and emission due to the formation of the negative hydrogen ion) at that wave length. Since the emission changes only slowly with wave length except just at the Balmer limit, we assume that we can compute R from the formula o _ ^ (X3638. using the observed values of /. This assumption is justified if the emission is constant in the line of sight and free from self-absorption. The latter assumption is surely justified, but if the emission varies with distance in the line of sight, then the value of R computed from equation (1) and listed in Table 3 is a mean value.
R is determined by the electron temperature and density in the flare. In Figure 7 of Paper II we presented theoretical curves of R(T) for various values of N e . The curve there labeled R oe corresponds to infinite electron density and clearly gives an upper limit to the temperature. In the present prominence, R varies between 4.9 and 3.8 (Table 3) , which corresponds to maximum electron temperatures of between 20000° and 24000°. This result depends only on relative photometry and so is rather insensitive to photometric error. Zanstra (1950) showed that if one could estimate the thickness of the prominence in the line of sight, one could use absolute measures of the continuum on both sides of the Balmer limit to calculate the electron temperature and density. In Table 4 we present the results of such a calculation, using the data in Table 3 . We have assumed the thickness of the flare in the line of sight to be equal to its "width," W, and also to half and twice this value. We notice that the temperatures here are all less than 20000°. One might argue, however, that the flare is very thin or, equivalently, that the material is concentrated into a few very dense threads of material. Indeed, in loop prominences the material usually appears to be concentrated in narrow threads (see, e.g., R. B. Dunn's large-scale photograph of a loop prominence reproduced by de Jager 1959) , although it is not certain that it is thus concentrated in the flare portion of the loops studied here.
If this flare is very thin, the electron density will be higher than is given in Table 4, PROMINENCE SPECTRA  967 although the temperature can be no higher than the upper limit set by R corresponding to infinite electron density. An upper limit to the density is obtained from the expression given by Inglis and Teller (1939) relating the ion density to the last resolvable Balmer line. H27 is certainly visible on our spectrograms, corresponding to an ion (or electron) density of 3.5 X 10 12 cm" 3 . This is certainly an upper limit, as the lines are also broadened by thermal and large-scale motions as well as by the intermolecular Stark effect.
in. CONCLUSIONS
The continuum observations indicate that the electron temperature of the brightest and most dense portion of the flare was certainly less than 24000° and probably between 15000° and 20000°. These temperatures are slightly higher than those found in the spraytype flare described in Paper II, and this is consistent with the fact that the lines of He i are stronger (relative to H i) in this flare than in the spray. But basically both flares have the same relatively low temperature, even though the spray flare originates at the chromospheric level while the loop flare originates in an active coronal region showing the yellow line of Ca xv.
These low temperatures are, of course, in strong disagreement with the high temperatures found for loop prominences and limb flares from line-profile studies. In such studies it is assumed that one can separate the effects of line broadening by thermal motions and large-scale motion by comparing the breadths of lines of different atomic weight. We have carried out this procedure, using the line widths of H i and Ti n given in Table 2 . The results are shown in Table 5 . H i and Ti n have very nearly the same ionization potential, and probably their emissions arise in the same portion of the prominence. The temperatures so obtained are as much as seven times as great as those given by the continuum observations, yet the hydrogen-line and continuum emission must both arise in the same part of the flare. We have suggested in Paper II that the lines in flares and active prominences are broad because they consist of several superposed components due to different parts of the prominence moving with different velocities in the line of sight. The Ha spectrograms in Figure 1 show this complex structure. Clearly, one cannot correct for this broadening simply by comparing the widths of lines from different ions.
Zirin and Tandberg-Hanssen (1960) have suggested that prominence spectra fall into two distinct classes which they call "hot" and "cool." The hot class comprises flares, surges, loops, and other active prominences, and the cool class quiescent prominences. The specific spectroscopic criteria that they give for these classes are all in the blue and violet. Basically they depend on the relative strengths of the lines of He i and He n and of He i and the ionized metals. Certainly the flares that we have studied here and in Paper II belong to the hot class. Zirin and Tandberg-Hanssen assign to these classes approximate temperatures that obtain in the dense, bright portion of the prominence. They suggest 10000° for the cool prominences and 50000° for the hot prominences. We found in an earlier study of quiescent prominences (Jefferies and Orrall 1958 ; Paper I J. T. JEFFERIES AND F. Q. ORRALL of this series) that the hydrogen emission came from material at 7000° to 10000°, while about 12000° explained the helium emission. In the flare studied here the hydrogen region is probably at a temperature between 15000° and 20000°. The appearance of He n suggests a higher temperature. We note, however, that X 4686 is observed faintly even in quiescent prominences and that other lines of He n are faint even in flares. It must be admitted that the excitation of He n is still not well understood, particularly for X 4686, since there is a well-known coincidence between the energy of Lyman-a of H i and the ^ = 2 to 4 transition of He n. If we assume that the observed He n emission arises outside the bright central portion of both classes of prominences, then we would suggest temperatures of about 10000° and 20000° for the "cool" and "hot" prominences, respectively.
